(dpbp) x (SDPO) y ] n were characterrized using ESI-Mass spectrometry (ESI-MS), X-Ray diffraction (XRD), Scanning electron microscopy (SEM), dynamic light scattering (DLS) measurements, and termogravimetric analysis (TGA). The [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS shows effectively acidresistance property based on polystyrene layer on their nanoparticle surface. The emission intensity is kept under 3000s in acidic condition (pH = 0.92). In this study, acid-protected Eu(III) coordination nanoparticles are demonstrated.
Introduction
Lanthanide complexes with narrow emission bands and long emission lifetimes have been regarded as attractive luminescent materials for use in electroluminescent optical materials, 1 organic light-emitting diodes(OLEDs), 2 and luminescent biosensing applications. 3 At the present stage, various types of luminescent lanthanide complexes have been reported. 4 Lanthanide coordination polymer composed of lanthanide ions and organic joint ligands are also focused for new luminescent materials, 5 recently. Their tight packing structures promote effective thermo-stability and small non-radiative rate constant for strong luminescence. Our research group have reported thermostable lanthanide coordination polymers composed of lanthanide ions and organo-phosphine oxides (decomposition temperature > 300 o C). The lanthanide coordination polymers exhibit high emission quantum yield (quantum yield = 83 %). 6 The thermostable lanthanide coordination polymers are expected to be promising candidates for practical opto-electric devises and temperature-sensitive dyes. In particular, temperature-sensitive dyes under 300 o C are used for temperature distribution measurements of material surfaces such as an aerospace plane in wind tunnel experiments. 7 The lanthanide coordination polymers with tight-stacking structures, however, lead to formation of insoluble compounds, micro-sized particles, in water and organic solvents. The insoluble micro-sized particles cause multiple light scattering in UV-Vis region. The nanoparticles of lanthanide coordination polymers without multiple light scattering may increase transmission of optical and luminescent materials. We recently successfully reported that luminescent nanoparticles of lanthanide coordination polymers are prepared by addition of monodentate phosphine oxide (triphenyl phosphine oxide: TPPO) as a polymerization terminator. 8 In order to improve for practical material applications, surface protection on the lanthanide coordination nanoparticles should be required for acidic condition of industrial manufacturing process. Generally, industrial plastic materials are prepared with acid generator such as benzoyl peroxide under water. The presence of H + source in polymer material results in decomposition of lanthanide coordination nanoparticles under moisture. The acid-protection on the lanthanide coordination nanoparticles expected to be achieved by encapsulation technique using glass materials. Hongshang has demonstrated luminescent Eu3+ chelate nanoparticles covered with octyltrimethoxysilane for encaplsulation. 9 Fukuda has reported lanthanide complexes encapsulated with sol-gel glass. 10 Silica glass or materials are, however, decomposed under acidic condition. Encapsulation using organic polymer attached on the lanthanide coordination nanoparticles may be the most favourable for luminescent materials under moisture. Here, we have attempted to introduce terminator ligands with vinyl group on the surface of lanthanide coordination nanoparticles. The vinyl groups of terminator ligands, diphenyl(p-vinylphenyl)phosphine oxide (SDPO), 11 can promote polymerization for surface protection under acidic condition (Fig. 1a) Europium acetate monohydrate (5.0 g, 13 mmol) was dissolved in distilled water (20 mL) in a 100 mL flask. A solution of1,1,1,5,5,5-hexafluoro-2,4-pentanedione (7.0 g, 34 mmol) was added dropwise to the solution. The reaction mixture produced a white-yellow precipitate after stirring for 3h at room temperature. The powder was collected by filtration and recrystallized from methanol/water to afford colorless needle crystals of the title compound, yield 9.6 g (95 % 
Preparation of 4,4'-bis(diphenylphosphoryl)biphenyl [dpbp]
4,4'-bis(diphenylphosphoryl)-biphenyl was synthesized according to the published procedure. 6 A solution of n-BuLi (9.3 mL, 1.6 M hexane, 15 mmol), was added dropwise to a solution of 4,4'-dibromobiphenyl (1.9 g, 6.0 mmol) in dry THF (30 mL) at -80 o C. The addition was completed in ca. 15 min during which time a yellow precipitate was formed. The mixture was allowed to stir for 3h at -10 o C, after which a PPh 2 Cl (2.7 mL, 15 mmol) was added dropwise at -80 o C. The mixture was gradually brought to room temperature, and stirred for 14h. The product was extracted with ethyl acetate, the extracts washed with brine for three times and dried over anhydrous MgSO 4 . The solvent was evaporated, and resulting residue was washed with acetone and ethanol for several times. The obtained white solid and dichloromethane (ca. 40 mL) were placed in a flask. The solution was cooled to 0 o C and then 30 % H 2 O 2 aqueous solution (5 mL) was added to it. The reaction mixture was stirred for 2h. The product was extracted with dichloromethane, the extracts washed with brine for three times and dried over anhydrous MgSO 4 . The solvent was evaporated to afford a white powder. Recrystallization from dichloromethane gave white crystals of the titled compound. Diphenyl(p-vinylphenyl)phosphine (5 g, 17.4 mmol) was dissolved in dichloromethane (100 mL) in a 300 mL flask. A saturated aqueous solution of Oxone (21.4 g, 34.8 mmol) and methanol(20 mL) were added to the mixture. The mixture stirred for 3h. The product was extracted with dichloromethane, the extracts washed with brine for three times and dried over anhydrous MgSO 4 . The solvent was evaporated, and resulting residue was washed with cyclohexane for several times. 
Preparations of Eu(III) coordination nanoparticles covered with polystyrene
The Eu(III) coordination nanoparticles of [Eu(hfa) 3 (SDPO) x (dpbp) y ] n (100 mg), AIBN (azobis(isobutyronitrile))(2.2 mg, 13.4 μmol) and were mixed in toluene (10 mL) in a 50 mL flask. The mixture was allowed to stir for 1h at 80 o C, after which a styrene monomer (1 mL, 8.7 mmol) was injected by syringe. The reaction mixture was stirred for 2h at 80 o C and then was cooled to room temperature.
The reaction mixture was added into the methanol(50mL ), n is the refractive index of the medium (an average index of refraction equal to 1.5 was employed), and ( I tot / I MD ) is the ratio of the total area of the corrected Eu(III) emission spectrum to the area of the
band.
Estimation of acid-resistant properties
Acid-resistant properties of [Eu(hfa) 
Results and discussion

Structural characterizations
The structures of prepared [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS were characterized using powder XRD measurements. These XRD spectra are shown in Figure 2a . Fig. S2 ).
Quantitative analysis of carbon in [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS were carried out using X-ray photoelectron spectra (XPS). The XPS of C1s, Eu3d5/2, and F1s were shown in supporting information Fig. S3 . The atomic ratio of carbon in [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS using C1s and F1s spectra were found to be 3.0 and 11.1, respectively. The atomic ratio in [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS is 3.7 times larger than that in [Eu(hfa) 3 (dpbp) x (SDPO) y ] n. We consider that [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS are covered with large amount of polystyrene layer.
The thermal stability of [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS were evaluated using TGA (Fig.  2b) Fig. S4 ). Please do not adjust margins
Please do not adjust margins
The SEM images of [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS are shown in Fig. 3a . We found sphere shape of nanoparticles. The particle size distribution of [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS were characterized using DLS measurements. These size distributions are shown in Fig. 3b (scattering intensities of DLS measurement: see supporting information Fig. S5) . The maximum distributions of [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS are estimated to be 156.7 nm and 272.9 nm, respectively. We observed increase of particle size of [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS for formation of amorphous polystyrene thin layers on the [Eu(hfa) 3 (dpbp) x (SDPO) y ] n surface.
Emission properties
The emission spectra of [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS in the solid-state are shown in Fig. 4a . Emission bands of [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS excited at 370 nm were observed at 578, 592, 613, 650 and 698 nm, and are attributed to the 4f-4f transitions of 5 D 0 -7 F J with J = 0, 1, 2, 3 and 4, respectively. The emission spectra were normalized with respect to the magnetic dipole transition intensities at 592 nm (Eu(III): 5 D 0 -7 F 1 ), which are known to be insensitive to the surrounding environment of the lanthanide ions. The decrease in the emission intensity of [Eu(hfa) 3 (SDPO) x (dpbp) y -PS] n is caused by the polystyrene layer on the surface of Eu(III) coordination nanoparticles. Fig. 4b and c show excitation and diffuse reflection spectra for [Eu(hfa) 3 (dpbp) x (SDPO) y ] n and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS in solid state at room temperature. The unit of diffuse reflection spectra (Fig. 4c) is Kubelka-Munk (KM), which is depends on the surface of the materials. The excitation and KM intensity of [Eu(hfa) 3 (SDPO) x (dpbp) y -PS] n increases in comparison with [Eu(hfa) 3 (dpbp) x (SDPO) y ] n. This phenomenon is caused by polymerization of polystyrene on the surface of Eu(III) coordination nanoparticles. The increased absorbance bands of [Eu(hfa) 3 (SDPO) x (dpbp) y -PS] n from 340nm to 450nm drived from hfa ligands, because the absorbance bands of the polystyrene are less than 300nm. We consider that increased absorbance bands of [Eu(hfa) 3 (SDPO) x (dpbp) y -PS] n are caused by interaction between hfa ligands and polystyrene. The specific absorbance bands are similar to a ILCT (inter-ligand charge transfer) band of hfa ligands in the solid-state. (Fig. 5a ) and [Eu(hfa) 3 (dpbp) x (SDPO) y ] n -PS (Fig. 5b ) have one component (0.66 ± 0.01 ms and 0.64 ± 0.01 ms).
The emission life times are similar to that of pervious [Eu(hfa) 3 (dpbp) 0.20 (TPPO) 0.80 ] n (τ = 0.66 ± 0.01 ms). 8 These 
